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An integrated study of the structure and thermomechanical 




This Ph.D. thesis focuses on construction and analysis of a comprehensive model of the 
European lithosphere, which is based on the integration of most of the existing geophysical studies 
and estimation of physical (density, temperature, velocity) and rheological parameters. The model 
describes the structure and physical properties of the principal lithospheric layers, drawing special 
attention to their rheology. The objective of the research is reached through several steps. 
  Chapter 1 describes the aim of this research and provides a review of the geodynamic 
evolution and the structural setting of Europe. Most of eastern Europe is dominated by the old, cold 
East European Craton (EEC), partly covered by the little deformed Phanerozoic and Meso-
Neoproterozoic rift and platform successions. Western Europe, with some exceptions, is composed 
of thinner, warmer, dominantly Phanerozoic lithosphere, accreted to the EEC during Paleozoic and 
younger orogenesis. The European continent is affected by high seismicity, both in terms of 
frequency and magnitude, and vertical movements (uplift and subsidence), which are a direct 
expression of the current stress fields. The tectonic heterogeneity of Europe and the large number of 
geophysical investigations performed in the last years made this area an ideal place to perform the 
research project. Indeed, Europe is the locus of natural laboratories (e.g. the Alpine/Carpathians-
Pannonian system, the Iberian Peninsula) comprising tectonic features (e.g. orogens, sedimentary 
basins) different for age and evolution. 
In Chapter 2 EuCRUST-07 is presented, a new high-resolution 3-D model of the European 
crust (35ºN-71ºN, 25ºW-35ºE), which is available from open sources 
(ftp://ftp.agu.org/apend/gl/2007gl032244). The new model offers a starting point in any kind of 
numerical modelling, which has to resolve a trade-off between crustal and mantle effects. 
EuCRUST-07 was implemented assembling several hundred seismic profiles and receiver functions 
determinations (nearly all published data) and about 20 local compilations of the main crustal 
boundaries, basement and Moho depth. These data were analysed and cross-checked to select the 
most robust, before interpolating at a uniform 15’x15’ grid using kriging method. The new model 
consists of three layers: sediments and two layers of the crystalline crust. Each layer of the 
crystalline crust is characterized by average P-wave velocities. EuCRUST-07 demonstrates large 
differences in the Moho depth compared to previous compilations, over ±10 km in some specific 
areas (e.g. the Baltic Shield). The basement is outcropping in some parts of eastern Europe, while in 
western Europe it is up to ~16 km deep, with an average value of 3-4 km, reflecting the presence of 
relatively shallow basins. The velocity structure of the crystalline crust is much more heterogeneous 
than demonstrated in previous compilations, with an average Vp varying from 6.0 km/s to 6.9 km/s. 
In comparison to existing models, the new model shows average crustal velocity values distributed 
over a larger and continuous range. EuCRUST-07 shows a Moho 5-10 km deeper than previous 
models in the orogens (e.g. the Cantabrian Mountains) and in the areas where the presence of 
magmatic underplating increases anomalously the crustal thickness. The results of EuCRUST-07 
are used to make inferences on the lithology, characterizing different parts of Europe. The new 
lithology map shows the eastern European tectonic provinces represented by a granite or felsic 
granulite upper crust and a mafic granulite lower crust. By contrast, the younger western European 
tectonic provinces are mostly characterized by an upper and lower crust of granite-gneiss and 
dioritic composition, respectively. 
In Chapter 3 a new tomography model for P- and S-velocity anomalies beneath Europe is 
presented, which unlike the previous models is a priori corrected for the crustal effect using 
EuCRUST-07. The model extends in depth up to 700 km and is constrained by inversion of 
International Seismological Centre (ISC) data. On a large scale the new model images a fast 
velocity anomaly between 100 an 300 km beneath the Alpine-Hellenic arc, related to the presence 
of thick lithospheric roots and of subducted slabs, and a low velocity anomaly from the base of the 
crust to 250 km along the European Cenozoic Rift System (ECRIS). Furthermore, the model, being 
more robust than the previous ones, on account of the crustal correction, images small scale 
anomalies in greater details than in previous studies (e.g. the low velocity anomaly beneath the 
Massif Central). In addition, a good consistency between the P- and the S-model for most of the 
area in the upper 200 km and for some structures even at greater depth is observed (e.g. the Adriatic 
and the African plate subducted beneath the Apennines and the Aegean Sea, respectively). A 
comparison between the P- and the S- model has confirmed some previous results, making possible 
to support or exclude the hypotheses on the nature of the observed anomaly. 
In Chapter 4 a new lithospheric thermal model is presented, which is obtained from the 
inversion of the P-wave velocity of the new tomography model. The inversion approach is similar 
to those used in previous studies, but the employment of a more robust tomography model, which is 
corrected for the crustal effect, improves the reliability of the results. The mantle temperatures are 
extrapolated to the surface using typical crustal isotherms determined for different tectonic 
provinces on the base of characteristic values of the radiogenic heat production for each crustal 
layer. The calculated temperatures in the uppermost part of the mantle vary from 550°-750°C in 
eastern Europe to 900°-1100°C in western Europe. A sharp change of the temperature occurs 
beneath the Trans European Suture Zone (TESZ) and extends to the deeper layers of the upper 
mantle. The hottest areas correspond to the basins that experienced recent extension (e.g. 
Tyrrhenian Sea and Pannonian Basin). Low temperatures are found beneath the Pyrenees, the Alps 
and the Dinarides-Hellenic arc, likely due to the presence of the deep lithospheric roots and 
subducted slabs. The thermal model obtained is used to trace the lithosphere-asthenosphere 
boundary as a depth of the isotherm 1200°C. The lithospheric thickness is less than 100 km beneath 
the ECRIS and the hot basins (e.g. Tyrrhenian Sea), while the maximum values are observed 
beneath the East European Platform (EEP) (200-230 km), the Alps and the Dinarides-Hellenic Arc 
(150-180 km).  
A new gravity model of the European lithosphere is presented in Chapter 5. The gravity 
effect of each crustal layer composing EuCRUST-07 is calculated. Special attention was payed to 
the estimation of the density of the sedimentary layer, which was determined from available 
petrophysical (well-log) and geophysical determinations. Density of the crystalline crust was 
determined using empirical velocity-to-density relationships. A new map of the residual mantle 
gravity anomalies has been produced after the removal of the crustal effect from the observed field. 
The same data on the density structure of the crust were used to estimate the residual topography, 
which represents that part of the observed topography, which is under compensated or over 
compensated by the crustal structure. The residual topography represents the effects of disturbances 
of the isostatic equilibrium and of the mantle density heterogeneity (in particularly – dynamic 
topography). It shows prevalently a negative correlation with the residual mantle anomalies, 
demonstrating isostatic compensation of most parts of the study area, which is provided by 
additional mass anomalies located in the mantle. Successively, the gravity effect of the mantle 
temperature variation is estimated using the thermal model described in Chapter 4. This field of 
anomalies is removed from the total mantle gravity anomalies. The difference obtained might be 
related to the compositional density anomalies. Residual mantle gravity anomalies are negligible 
beneath the EEC (within ±50 mGal), due to a compensation between temperature (anomalous low) 
and compositional (iron depletion) variations. Beneath the areas subjected to extensional 
deformation (e.g. the Tyrrhenian Sea and the Pannonian Basin) the high contribution (>80 %) given 
by the gravity anomalies induced by temperature to the total strong negative residual mantle 
anomalies observed (up to -100 mGal), confirm the presence in these areas of a very hot 
lithosphere. Furthermore, strong positive residual mantle gravity anomalies (up to 150 mGal) are 
observed beneath the eastern Alps, the Dinarides and the Carpathians, mostly associated to mantle 
compositional variations. One of the most interesting results is the change in the compositional 
anomaly sign observed over the Dinarides-Hellenic arc, which can be related to the different slab 
nature/subduction conditions present in these areas.  
The construction of the 3D strength map of the European lithosphere in Chapter 6 also 
improves the comprehension of the dynamics of intra-lithospheric deformation processes. The 
identification of intraplate areas that are mechanically weaker or stronger than neighbouring areas 
helps to understand the observed spatial variation in the response of the European lithosphere to 
large scale plate tectonic and thermal loading. The strength distribution within the European 
lithosphere has been obtained using as input the new thermal (Chapter 4) and crustal model 
(Chapter 2), which implies lateral variations of lithology and density. High strength values in the 
areas having the average/low thermal regime and strong crustal rheology (e.g the EEP, the North 
German Basin, the Bohemian Massif) are found. By contrast, weak zones correspond to the areas 
affected by Tertiary volcanism and mantle plumes, such as the ECRIS and the Massif Central. One 
of the surprising results is the high contribution of the crustal strength (50% of the integrated 
strength for the whole lithosphere) in a large part (~60%) of the study area. In particular, the 
orogens and the regions with large crustal thickness (e.g. the Anatolian Plateau) are characterized 
by a high proportion of the crustal strength (>80%), and a low value of the total integrated strength. 
The obtained strength distribution is used to calculate the elastic thickness (Te) of the European 
lithosphere. Western Europe is mostly characterized by decoupled lithospheric layers and lower 
values of the calculated strength and Te (<30 km). By contrast, the lithosphere of eastern Europe 
shows high values of Te (80-100 km) and coupled layers. No straightforward relationship between 
Te and thermal age is found in the continental part of the study area: in the tectonic provinces older 
than 85 Ma Te values are significantly smaller than those theoretically expected as a function of the 
age and crustal thickness, while the opposite is true for the younger provinces.  
The final chapter (Chapter 7) presents a brief discussion on the main results obtained by this 
study in terms of the methods used to implement the new integrated model of the European 
lithosphere and of the distribution of the geophysical parameters (density, velocity, temperature) in 
the main tectonic features. The lateral variations of these geophysical parameters are useful to 
improve the estimations of the stress field of the area, including the additional factors responsible 
for the short-wavelength stress sources.  
 
